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METHOD AND APPARATUS FOR 
DETECTING ENVIRONMENTAL SMOKE 

EXPOSURE 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

This application claims the bene?t of US. Provisional 
Application Ser. No. 60/293,291, ?led May 24, 2001, incor 
porated herein by reference. 

FIELD OF INVENTION 

The present invention relates to the detection of environ 
mental smoke exposure, and, more particularly, to a method 
and apparatus for the detection of environmental smoke 
exposure in exhaled breath utilizing a rapidly responding 
device. 

BACKGROUND INFORMATION 

The health risks related to tobacco smoking are Well 
documented. It is the single most important preventable 
cause of death and disability in the US. and causes an 
estimated 450,000 deaths annually. Despite Widespread dis 
semination of this information, a signi?cant proportion of 
Americans (approximately 25%) continues to or starts 
smoking. WorldWide it is estimated that there are over 1.2 
billion tobacco smokers. The result is a huge economic 
burden on the population. Of particular concern is mounting 
evidence that exposure to environmental tobacco smoke 
(ETS) is also a cause of signi?cant morbidity and mortality. 
Children are particularly susceptible. 
Numerous strategies are being implemented to reduce 

childhood exposure to ETS including prohibitions on smok 
ing in day care settings, school, and public places. Relatively 
feW strategies have focused on the main source of ETS (i.e., 
smoking in the home). Identifying children by history of 
parental smoking becomes less productive as the parents 
become more aWare than their smoking could cause disease 
in those sharing the household. Furthermore, ongoing moni 
toring of progress has been limited by existing technology 
for identifying ETS exposure. One strategy that appears to 
be someWhat effective, has been implemented in California, 
the state that has been most aggressive at reducing risk 
associated With ETS. As part of a comprehensive program of 
tobacco control, behavioral counseling of ethnically diverse, 
loW income populations on the effects of ETS on children 
has been implemented and shoWn to signi?cantly reduce 
exposure. This, hoWever, is a short-term and limited solution 
to the problem. Such a strategy could be enhanced by a 
convenient biological measurement that could be done by 
any parent or child anytime, daily or many times a Week at 
home. 

Unfortunately, large number of children remain at risk of 
respiratory diseases, such as asthma, due to household 
exposure. In some instances, Where asthma attacks exacer 
bated by ETS have been life threatening, children have had 
to be removed from the environment. Clearly, no single 
strategy is going to prevent exposure to ETS anymore than 
strategies to reduce smoking are going to completely stop its 
use. 

Because it is dif?cult to police tobacco use in the home 
and the resulting exposure to ETS, it is desirable to be able 
to detect exposure When children are seen by healthcare 
professionals. ETS screening, recommended by both the 
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2 
CDC and AAP, should be implemented as a standard addi 
tion to the pediatric or health department exam and become 
a ?fth vital sign. 

Several techniques are available to detect tobacco byprod 
ucts, (usually the nicotine metabolite, cotinine) in blood, 
urine and more recently in saliva. The association betWeen 
the number of cigarettes smoked per day and saliva cotinine 
levels has been shoWn to be almost linear. Similarly, the siZe 
of the house that the child of the smoker lives in is inversely 
related to the degree of toxic exposure. Other measurement 
techniques include exhaled carbon monoxide (CO) and 
salivary thiocyanate. 
To obtain a high degree of accuracy for studying tobacco 

smoking, a single biomarker may not be suf?cient, because 
smoking is a discontinuous process. Exhaled CO is a good 
marker of short-term exposure, While combining its mea 
surement With either thiocyanate or cotinine provides a high 
correlation With smoking status, and is more accurate than 
self-reporting CO measurement alone. A recent study 
shoWed that cotinine levels in non-smokers Who have close 
friends or a spouse Who smoke are 1.5 times higher than 
those Whose friends/ spouse are non-smokers. 

Unfortunately, these techniques are costly, time consum 
ing, require considerable cooperation by the subject and the 
results are not immediately available. This reduces their 
value for studying smoking and ETS in individual subjects, 
especially children. What is needed is an inexpensive device 
that can detect exposure to vapors in tobacco smoke in real 
time. The ability to distinguish smoking or ETS from the 
therapeutic use of nicotine as part of a discontinuation 
program Would also be advantageous. 

Furthermore, a recent study estimates that the economic 
burden to payers and society of maternal smoking during 
pregnancy and the ?rst year of life ranges from $1142 to 
$1358 per child. 

Accordingly, there is a need in the art for a tobacco smoke 
detector for determining the exposure of children to envi 
ronmental tobacco smoke (ETS) (passive smoke, sidestream 
smoke, second-hand smoke). Such a device Would be appli 
cable for a Wide range of research related to the effects of 
smoking and its complications. There is also a need in the art 
for a detector for environmental smoke exposure capable of 
being used at remote locations. 

BRIEF SUMMARY OF THE INVENTION 

The present invention solves the problems in the art by 
providing a method and apparatus for detecting environ 
mental smoke exposure by providing a device for analyZing 
the patient’s breath to con?rm exposure to vapors in tobacco 
smoke. The method of the present invention can be used to 
monitor smoking behavior. For example, it can be used to 
monitor Whether subjects are abstaining from smoking or 
continuing to smoke and Whether children and adults are 
being exposed to environmental tobacco smoke. Many con 
stituents of tobacco smoke are Well knoWn, several of Which 
are carcinogens. A device designed to monitor tobacco 
smoke constituents in exhaled breath, as in the present 
invention, can be extremely valuable for research into the 
effect of tobacco smoke. Further, it can be used for moni 
toring compliance by parents in preventing exposure of their 
children, especially those With respiratory conditions that 
are exacerbated by tobacco smoke. A device based on 
polymer-coated SAW sensor technology has broad applica 
tion in detecting tobacco smoke by-products both in the 
environment and in exhaled breath of smokers and non 
smokers. This is extremely important as environmental 
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tobacco smoke has been shown to cause signi?cant morbid 
ity and mortality in non-smokers. Among the byproducts of 
tobacco smoke are benZene and formaldehyde, both Well 
knoWn carcinogens. 
Compounds to be tested for include, but are not limited to, 

ETS components (e.g., acetaldehyde, acetic acid, acetone, 
acrolein, 4-Amniobiphenol, ammonia, anatabine, aniline, 
benZene, benZanthracene, benZopryrene, benZoic acid, 
gamma-butyrolactone, cadmium, carbon monoxide, carbo 
nyl sul?de, catechol, cotinine, cyanide derivatives, dimethy 
lamine, formaldehyde, formic acid, glycolic acid, Harman, 
hydrazine, hydrogen cyanide, hydroquinone, isoprene, 
methylamine, methyl chloride, 3-methylpyridine, 2-naph 
thylamine, nickel, nicotine, nitrogen oxides, N-Nitrosodi 
ethanolamine, N-Nitrosodiethylamine, N-Nitrosodimethy 
lamine, NNK, phenol, polonium-2l0, propionaldehyde, 
pyridine, quinoline, succinic acid, toluene, 2-Toluidine, 
3-Vinylpyridine, xylene, and Zinc). 

Preferably, the patient’s breath is analyZed to con?rm 
exposure to vapors in tobacco smoke by sensor technology 
selected from semiconductor gas sensor technology, con 
ductive polymer gas sensor technology, surface acoustic 
Wave gas sensor technology, aptamers (aptamer biosensors), 
and amplifying ?uorescent polymer (AFP) sensors. The 
sensor technology produces a unique electronic ?ngerprint 
to characterize exposure to vapors in tobacco smoke such 
that the presence and concentration is determined. 

In the monitoring system, vapor concentration measure 
ments of smoke vapors (analytes) are made by detecting the 
adsorption of molecules onto the surface of a SAW sensor 
coated With a polymer thin ?lm to provide selectivity and 
sensitivity to different analytes. The SAW is inserted as an 
active feedback element in an oscillator circuit. A frequency 
counter measures the oscillation frequency, Which corre 
sponds to the resonant frequency of the SAW sensor. The 
response of the SAW sensor to the analyte is measured as a 
shift in the resonant frequency of the SAW sensor. This 
con?guration requires an oscillator circuit, the coated SAW 
sensor, and a frequency counter, all of Which may be housed 
on a small printed circuit board. 

In alternate embodiments, the patient’s breath is analyZed 
to con?rm the presence of the vapors by a spectrophotom 
eter or a mass spectrometer. 

The method further includes the step of recording data 
resulting from analysis of the patient’s breath. The method 
further includes the step of transmitting data resulting from 
analysis of the patient’s breath. 

In operation, the analysis of the patient’s breath includes 
comparing the vapors sensed in the patient’s breath With a 
predetermined signature pro?le of the vapors. The predeter 
mined signature pro?le is associated With a speci?c com 
pound or a class of compounds. The method may further 
include the step of capturing the patient’s breath in a vessel 
prior to analysis as Well as dehumidifying the patient’s 
breath prior to analysis in a manner Well knoWn in the art. 
Breath can be captured from the patient’s mouth or nose. 
The data resulting from analysis of the patient’s breath 
preferably includes vapor concentration. In certain 
instances, such as during a treatment program, a baseline 
spectrum for the patient may be identi?ed. In a further 
embodiment, the analysis includes detecting exhalation of 
the patient’s breath With a sensor. 

The preferred device of the present invention includes (a) 
a sensor having a surface exposed to the patient’s breath 
and/ or airWay and comprising a material selectively absorp 
tive of a chemical vapor or group of vapors; and (b) an 
analyZer, coupled to the sensor, for producing an electrical 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
signal indicative of the presence of the vapors. The analyZer 
is further operative to determine the approximate concen 
tration of the vapors. The sensor is preferably a surface 
acoustic Wave device, such as that disclosed in pending US. 
application Ser. No. 09/708,789 entitled “Marker Detection 
Method and Apparatus to Monitor Drug Compliance” of 
Which applicant is a co-inventor, the description of Which is 
incorporated herein by reference. The sensor device dis 
closed in US. Pat. No. 5,945,069 may also be utiliZed. The 
device detects a target substance (tobacco smoke) in expired 
breath having the folloWing components: (a) a surface 
acoustic Wave sensor capable of detecting the presence of 
the target substance in expired breath, Wherein the sensor 
responds to the target substance by a shift in the resonant 
frequency; (b) an oscillator circuit having the sensor as an 
active feedback element; (c) a frequency counter in com 
munication With the oscillator circuit to measure oscillation 
frequency Which corresponds to resonant frequency of the 
sensor; and (d) a processor for comparing the oscillation 
frequency With a previously measured oscillation frequency 
of the target substance and determining presence and con 
centration of the target substance therefrom. 

In an alternate embodiment, the device detects a target 
substance (tobacco smoke) in expired breath having the 
folloWing components: (a) a sensor having an array of 
polymers capable of detecting the presence of the target 
substance in expired breath, Wherein the sensor responds to 
the target substance by changing the resistance in each 
polymer resulting in a pattern change in the sensor array; (b) 
a processor for receiving the change in resistance, compar 
ing the change in resistance With a previously measured 
change in resistance, and identifying the presence of the 
target substance from the pattern change and the concentra 
tion of the substance from the amplitude. The processor can 
include a neural netWork for comparing the change in 
resistance With a previously measured change in resistance 
to ?nd a best match. 
The invention also includes a method of determining the 

rate of Washout of a target substance (tobacco smoke) in 
expired breath by (a) obtaining a sample of expired breath at 
a ?rst interval; (b) analyZing the sample With sensor tech 
nology to determine the concentration of the substance; (c) 
obtaining at least one additional sample of expired breath at 
a later interval; (d) analyZing said additional sample With 
sensor technology to determine the concentration of said 
substance; and (e) comparing the concentration of the ?rst 
sample With the concentration of additional samples to 
determine rate of Washout of the target substance. 
The device may also include a means for receiving air 

exhaled by the patient. Preferably, the device comprises 
sensor technology selected from semiconductor gas sensor 
technology, conductive polymer gas sensor technology, or 
surface acoustic Wave gas sensor technology. 

Accordingly, it is an object of the present invention to 
detect vapors, such as environmental tobacco smoke, by 
methods including, but not limited to, sensor technology 
(e.g., silicon chip technology). 

It is a further object of the present invention to provide a 
reporting system capable of tracking results and alerting 
healthcare personnel, and/or in some instances health of? 
cials. 
The advantages of the invention are numerous. First and 

foremost, the exhaled breath detector for ETS can have 
broad implications for ETS research. A resulting advantage 
of the ability to rapidly detect ETS through a simple and 
ef?cient system is the ability to alloW for evaluation of the 
relationship of ETS to asthma and other respiratory diseases. 
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The subject technology for the present invention is inexpen 
sive and potentially has broad medical application for 
detecting a Wide range of compounds in exhaled breath. The 
potential use for the device at remote locations in conjunc 
tion With other medical devices is considerable. The device 
could be used in the home or the Workplace. In conjunction 
With data acquisition technology, the detector and other 
medical devices such as spirometers could be used and the 
data stored and relayed to researchers. 

Present techniques to monitor adherence With abstinence 
regimens or prevention of exposure of children require 
testing of blood, urine, or saliva. The present invention is 
extremely valuable for measurements in children as it is 
inconvenient and sometimes di?icult to obtain other 
samples. The device may be used in conjunction With a 
communication system, Which Would alloW storage of the 
data at a central location Where it could then be communi 
cated to appropriate healthcare providers or researchers. 

Further objects and advantages of the present invention 
Will become apparent by reference to the folloWing detailed 
disclosure of the invention and appended draWings. 

All documents and publications cited herein are incorpo 
rated herein by reference in their entirety to the extent they 
are not inconsistent With the explicit teachings set forth 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a gas sensor chip, Which can be 
utiliZed as the sensor for the present invention. 

FIG. 2 is an illustration of a chemoselective polymer 
coated SAW sensor designed for the measurement of 
exhaled breath in accordance With the present invention. 

FIG. 3 is a chromatogram for xylene With VaporLabTM 
With preconcentrator. 

FIG. 4 shoWs a gas sensor system in accordance With one 
embodiment of the invention. 

FIG. 5 shoWs a gas sensor system in accordance With 
another embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a method and apparatus 
for detecting tobacco smoke in exhaled breath. The smoke 
vapor is detected by devices including but not limited to 
electronic noses, spectrophotometers (to detect the vapor’s 
IR, UV, or visible absorbance as Well as ?uorescence) or 
mass spectrometers (to detect the vapor’s characteristic mass 
display). 

The exhaled breath tobacco smoke detector of the present 
invention Will determine the exposure of children to envi 
ronmental tobacco smoke (ETS) (passive smoke, sidestream 
smoke, second-hand smoke). The device is applicable for a 
Wide range of research related to the effects of vapors from 
smoking and their complications. 
As noted previously, the health risks related to smoking 

tobacco products are Well documented. Unfortunately, these 
risks are not only related to direct use of tobacco products, 
but also to passive exposure from ETS. This exposure is 
particular haZardous to children and has been shoWn to be 
responsible for or to exacerbate a large number of childhood 
illnesses, such as asthma, otitis media, and respiratory 
infections. Further, children exposed to smoke are more 
likely to develop cancer and other serious chronic illnesses. 
Both the Center for Disease Control (CDC) and the Ameri 
can Academy of Pediatrics (AAP) recogniZe the risks asso 
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6 
ciated With smoke exposure and recommend screening for 
ETS. The present invention is designed to provide a method 
and apparatus for screening for ETS. 

For the tobacco smoke detector of the present invention, 
a “library” of signatures are collected so comparison can be 
made to the exhaled sample, thus determining Whether there 
has been exposure to tobacco smoke. 

In the present invention, vapor concentration measure 
ments of smoke vapors (analytes) are made by detecting the 
adsorption of molecules onto the surface of a SAW sensor 
coated With a polymer thin ?lm to provide selectivity and 
sensitivity to different analytes. The sensor detects ETS 
components, such as benzene, formaldehyde, nicotine, coti 
nine, carbon monoxide and cyanide derivatives. The SAW is 
inserted as an active feedback element in an oscillator 
circuit. A frequency counter measures the oscillation fre 
quency, Which corresponds to the resonant frequency of the 
SAW sensor. The response of the SAW sensor to the analyte 
is measured as a shift in the resonant frequency of the SAW 
sensor. This con?guration requires an oscillator circuit, the 
coated SAW sensor, and a frequency counter, all of Which 
may be housed on a small printed circuit board. 

Gas Sensor Technology 
The preferred sensor technology is based on surface 

acoustic Wave (SAW) sensors that oscillate at high frequen 
cies and respond to perturbations proportional to the mass 
load of certain molecules in the vapor phase on the sensor 
surface With a frequency shift that is detected electronically. 
Usually, an array of sensors (4A6) is used; each coated With 
a different chemoselective polymer that selectively binds 
and/or absorbs vapors of speci?c classes of molecules. The 
resulting array “signature” is compared against a library of 
pre-determined substances and interferents and speci?c 
compounds are identi?ed. Sensitivity of the arrays is depen 
dent upon of the homogeneity and consistency of the poly 
mer coating. 

Speci?cally, invention preferably utiliZes gas sensor tech 
nology, such as the commercial devices referred to as 
“arti?cial noses” or “electronic noses.” An “electronic or 
arti?cial nose” is an instrument, Which comprises a sampling 
system, an array of chemical gas sensors With differing 
selectivity, and a computer With an appropriate pattem 
classi?cation algorithm, capable of qualitative and/or quan 
titative analysis of simple or complex gases, vapors, or 
odors. Electronic noses have been used mostly in the food, 
Wine and perfume industry Where their sensitivity makes it 
possible to distinguish betWeen grapefruit oil and orange oil 
and identify spoilage in perishable foods before the odor is 
evident to the human nose. There has been little medical 
based research and application; hoWever, recent examples 
demonstrate the poWer of this non-invasive technique. Elec 
tronic noses have determined the presence of bacterial 
infection in the lungs by analyZing the exhaled gases of 
patients for odors speci?c to particular bacteria. See Hanson 
C W, Steinberger H A: The use of a novel electronic nose to 
diagnose the presence of intrapulmonary infection. Anesthe 
siolog, V87, No. 3A, Abstract A269, September 1997. Also, 
genitourinary clinics have utiliZed electronic noses to screen 
for, and detect bacterial vaginosis success rate as high as 
94%. See Chandiok S, et al.: Screening for bacterial vagi 
nosis: a novel application of arti?cial nose technology. 
Journal of Clinical Pathology, 50(9):790*l, 1997. Speci?c 
bacterial species can also be identi?ed With the electronic 
nose based on special odors produced by the organisms. See 



US 7,052,468 B2 
7 

Parry A D et al.: Leg ulcer odor detection identi?es 
betahaemolytic streptococcal infection. Journal of Wound 
Care, 41404406, 1995. 

Exhaled breath is used for a variety of medical tests and 
measurements. Breath detectors for ethyl alcohol are the 
most familiar. Real-time measurement of end-tidal carbon 
dioxide concentration (etCO2) is a valuable tool for esti 
mating arterial CO2 concentration. It is routinely used 
during anesthesia as a surrogate for invasive arterial blood 
gas measurement. Further, exhaled anesthetic gas concen 
tration is routinely measured, as is oxygen concentration. 

Exhaled gas measurements can also be used diagnosti 
cally. Helicobacter pylori can be detected by a breath test for 
ammonia, as can bacterial overgroWth of the small boWel 
and/or stomach. See Perri F. Diagnosis of Helicobacter 
pylori infection: which is the best test? The urea breath test. 
Dig Liver Dis. 2000;32 Suppl 3:S19648; and Ganga-Zand 
Zou P S, Vincent P, Michaud L, Guimber D, Turck D, 
Gottrand F. l3C-urea breath test in children with Helico 
bacter pylori infection: validity of the use of a mask to 
collect exhaled breath samples. Acta Paediatr. 2001;90: 
23243. Numerous other diagnostic breath tests are available, 
including several for the evaluation of components of 
tobacco smoke. Most breath tests are expensive, time con 
suming and must be performed in a laboratories by trained 
technicians. 

Recently, Defense Advanced Research Projects Agency 
(DARPA) initiated a program to improve landmine detection 
by sensing the vapors of breakdown products of TNT and 
other explosives released into the soil and air. The initiative 
resulted in several technologies designed to mimic the 
olfactory system (arti?cial nose) (http://WWWdarpamil/ato/ 
programs/uxo/index.html). Presently, dogs are used for land 
mine detection due to their ability to locate extremely loW 
concentrations of these breakdown products. Thus, the pro 
gram has been named the dog’s nose project. Among the 
competing technologies, some Were capable of detecting 
breakdoWn products in the range of parts per trillion. 
One technology for detection is based on the ability of 

volatile compounds to cause perturbations in the oscillation 
of surface acoustic Wave (SAW) sensors. See Wohltjen, H.; 
et al.; “Surface Acoustic Wave Devices for Chemical Analy 
sis”, Analytical Chemistry, Vol. 61, pp. 704A; and Fang, M.; 
et al.; “Detection of Organic Chemicals by SAW Sensor 
Array”, Sensors and Actuators, Vol. B 56 (1999), pp. 
1554157. A high degree of sensitivity and speci?city can be 
achieved by coating the surface of the sensors With 
“chemoselective” polymers that react in a predictable man 
ner With the compound to be detected. See Wohltjen, H.; et 
al.; “Vapor Detection With Surface Acoustic Wave 
Microsensors”, Chemical Sensors and Microinstrumenta 
tion; American Chemical Society, 1989, pp. 1574175; and 
Wohltjen, et al.; “Determination of Partition Coe?icients 
from Surface Acoustic Wave Vapor Sensor Responses and 
Correlation With Gas-Liquid Chromatographic Partition 
Coe?icients”, Analytical Chemistry, Vol. 60, Num. 9, pp. 
8694875. By using an adequate number of sensors and the 
appropriate polymers, unique “signatures” can be reproduc 
ibly detected for speci?c compounds. Quantitative as Well as 
qualitative measurements are also available. 

In the DARPA tests, one version of this technology Was 
able to reliably recogniZe DNT (a breakdoWn product of 
TNT) at levels of 3.5 ppbv in dry air and betWeen 10415 
ppbv in fully saturated air (as is the case for exhaled breath). 
The range of applicability of this technology to chemical 
detection is limited only by the ability to develop, discover 
or design coatings for the SAW device that make it sensitive 
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8 
and selective for the analyte to be measured. When the 
appropriate coating is available, it is usually possible to 
detect vapors at the 104100 ppbv concentration level in a 
feW minutes With selectivity of 1000:1 or more over some 
commonly encountered interferences. A dynamic range of 
34 orders of magnitude is common. 
A number of patents Which describe gas sensor technol 

ogy include the following: US. Pat. No. 5,945,069 to 
Buchler, for a “Gas sensor test chip”; US. Pat. No. 5,918, 
257 to Mifsud et al., for a “Method and devices for the 
detection of odorous vapors and applications”; US. Pat. No. 
4,938,928 to Koda et al., for a “Gas sensor”; US. Pat. No. 
4,992,244 to Grate, for a “Films of dithiolene complexes in 
gas-detecting microsensors”; US. Pat. No. 5,034,192 to 
Wrighton et al., for a “Molecule-based microelectronic 
devices”; US. Pat. No. 5,071,770 to Kolesar, Jr., for a 
“Method for gaseous component identi?cation With #3 poly 
meric ?lm”; US. Pat. No. 5,145,645 to Zakin et al., for a 
“Conductive polymer selective species sensor”; US. Pat. 
No. 5,252,292 to Hirata et al., entitled “Ammonia sensor”; 
US. Pat. No. 5,605,612 to Park et al., for a “Gas sensor and 
manufacturing method of the same”; US. Pat. No. 5,756, 
879 to Yamagishi et al., for a “Volatile organic compound 
sensors”; US. Pat. No. 5,783,154 to AlthainZ et al., for a 
“Sensor for reducing or oxidiZing gases”; and US. Pat. No. 
5,830,412 to Kimura et al., for a “Sensor device, and disaster 
prevention system and electronic equipment each having 
sensor device incorporated therein,” all of Which are incor 
porated herein by reference in their entirety. 

Recent developments in the ?eld of detection include, but 
are not limited to, semiconductive gas sensors, mass spec 
trometers, IR or UV or visible as Well as ?uorescence 
spectrophotometers. The vapors change the electrical prop 
erties of the semiconductors by varying their electrical 
resistance. The measurement of these variations provides for 
the determination of the concentration of substances in the 
vapors. The methods and apparatus used for detecting 
vapors use a relatively brief detection time compared to 
those given by gas chromatography. The SAW sensor 
devices generally take a feW seconds, Wherever gas chro 
matography takes from several minutes to several hours. 
Other recent gas sensor technologies included in the present 
invention include apparatus having conductive-polymer gas 
sensors (“polymeric”), apparatus having surface-acoustic 
Wave (SAW) gas-sensors, and aptamers (aptamer biosen 
sors), and amplifying ?uorescent polymer (AFP) sensors. 
The conductive-polymer gas-sensors (also referred to as 

“chemoresistors”) have a ?lm made of a conductive polymer 
sensitive to the molecules of vapors. On contact With the 
molecules, the electric resistance of the sensors change and 
the measurement of the variation of this resistance enables 
the concentration of the vapors to be determined. An advan 
tage of this type of sensor is that it functions at ambient 
temperatures. Further, depending on the chosen conductive 
polymer, different sensitivities for detecting different vapors 
can be obtained. 

Polymeric gas sensors can be built into an array of 
sensors, Where each sensor is designed to respond differently 
to different gases and augment the selectivity of the odorous 
vapors. 
The surface-acoustic-Wave (SAW) gas-sensors generally 

include a substrate With pieZoelectric characteristics covered 
by a polymer coating Which is able to selectively absorb the 
vapors. The variation of the resulting mass leads to a 
variation of its resonant frequency. This type of sensor 
alloWs for very good mass-volume measures of the vapors. 
In the SAW device, the substrate is used to propagate a 
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surface acoustic Wave between sets of interdigitated elec 
trodes. The chemoselective material is coated on the surface 
of the transducer. When a chemical analyte interacts With a 
chemoselective material coated on the substrate, the inter 
action results in a change in the SAW properties such as the 
amplitude of velocity of the propagated Wave. The detect 
able changes in the characteristics of the Wave indicate the 
presence of the chemical analyte. 
SAW devices are described in numerous patents and 

publications, including US. Pat. No. 4,312,228 to Wohltjen 
and US. Pat. No. 4,895,017 to Pyke, and Groves WA, et al.: 
Analyzing organic vapors in exhaled breath using surface 
acoustic Wave sensor array With preconcentration: Selection 
and characterization of the preconcentrator adsorbent, Ana 
lylica Chimica Acla 371 (1988) 1314143, all of Which are 
incorporated herein by reference. Other types of chemical 
sensors knoWn in the art that use chemoselective coatings 
applicable to the operation of the present invention include 
bulk acoustic Wave (BAW) devices, plate acoustic Wave 
devices, interdigitated microelectrode (IME) devices, and 
optical Waveguide (OW) devices, electrochemical sensors, 
and electrically conducting sensors. 

The operating performance of a chemical sensor that uses 
a chemoselective ?lm coating is greatly affected by the 
thickness, uniformity and composition of the coating. For 
these biosensors, increasing the coating thickness, has a 
detrimental effect on the sensitivity. Only the portion of the 
coating immediately adjacent to the transducer substrate is 
sensed by the transducer. If the polymer coating is too thick, 
the sensitivity of the SAW device to record changes in 
frequency Will be reduced. These outer layers of coating 
material compete for the analyte With the layers of coating 
being sensed and thus reduce the sensitivity of the biosensor. 
Uniformity of the coating is also a critical factor in the 
performance of a sensor that uses a chemoselective coating 
since changes in average surface area greatly effect the local 
vibrational signature of the SAW device. Therefore, ?lms 
should be deposited that are ?at to Within 1 nm With a 
thickness of 15425 nm. In this regard, it is important not 
only that the coating be uniform and reproducible from one 
device to another, so that a set of devices Will all operate 
With the same sensitivity, but also that the coating on a single 
device be uniform across the active area of the substrate. If 
a coating is non-uniform, the response time to analyte 
exposure and the recovery time after analyte exposure are 
increased and the operating performance of the sensor is 
impaired. The thin areas of the coating respond more rapidly 
to an analyte than the thick areas. As a result, the sensor 
response signal takes longer to reach an equilibrium value, 
and the results are less accurate than they Would be With a 
uniform coating. 

Most current technologies for creating large area ?lms of 
polymers and biomaterials involve spinning, spraying, or 
dipping a substrate into a solution of the macromolecule and 
a volatile solvent. These methods coat the entire substrate 
Without selectivity and can lead to solvent contamination 
and morphological inhomogeneities in the ?lm due to non 
uniform solvent evaporation. There are also techniques such 
as microcontact printing and hydrogel stamping that enable 
small areas of biomolecular and polymer monolayers to be 
patterned, hoWever, separate techniques like photolithogra 
phy or chemical vapor deposition are needed to transform 
these ?lms into microdevices. Other techniques such as 
thermal evaporation and pulsed laser ablation are limited to 
polymers that are stable and not denatured by vigorous 
thermal processes. More precise and accurate control over 
the thickness and uniformity of a ?lm coating may be 
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10 
achieved by using pulsed laser deposition (PLD), a physical 
vapor deposition technique that has been developed recently 
for forming ceramic coatings on substrates. By this method, 
a target comprising the stoichiometric chemical composition 
of the material to be used for the coating is ablated by means 
of a pulsed laser, thereby forming a plume of ablated 
material that becomes deposited on the substrate. 

Polymer thin ?lms, using a neW laser based technique 
developed by researchers at the Naval Research Laboratory 
(Matrix Assisted Pulsed Laser Evaporation (MAPLE)) have 
recently been shoWn to increase sensitivity and speci?city of 
chemoselective Surface Acoustic Wave vapor sensors. A 
variation of this technique, Pulsed Laser Assisted Surface 
FunctionaliZation (PLASF) is preferably used to design 
compound speci?c biosensor coatings With increased sensi 
tivity for the present invention. PLASF produces similar thin 
?lms for sensor applications With bound receptors or anti 
bodies for biosensor applications. High sensitivity and 
speci?city is possible by providing improved SAW biosen 
sor response by eliminating ?lm imperfections induced by 
solvent evaporation and detecting molecular attachments to 
speci?c antibodies. 

Certain extremely sensitive, commercial olf-the-shelf 
(COTS) electronic noses, such as those provided by Cyrano 
Sciences, Inc. (“CSI”) (e.g., CSI’s Portable Electronic Nose 
and CSI’s Nose-ChipTM integrated circuit for odor-sens 
ingiUS. Pat. No. 5,945,069iFIG. 1), are preferred in the 
present invention to monitor the exhaled breath from a 
patient. The device o?‘ers minimal cycle time, can detect 
multiple odors, can Work in almost any environment Without 
special sample preparation or isolation conditions, and do 
not require advanced sensor design or cleansing betWeen 
tests. 

Other technologies and methods are contemplated herein 
for detection of vapors. For example, a patient’s breath can 
be captured into a container (vessel) for later analysis at a 
central instrument such as a mass spectrometer. 

Aptamers (aptamer biosensors) may be utiliZed in the 
present invention for sensing. Aptamer biosensors are reso 
nant oscillating quartZ sensors Which can detect minute 
changes in resonance frequence due to modulations of mass 
of the oscillating system Which results from a binding or 
dissociation event. 

Similarly, amplifying ?uorescent polymer (AFP) sensors 
may be utiliZed in the present invention for sensing. AFP 
sensors are an extremely sensitive and highly selective 
chemosensors that use amplifying ?uorescent polymers 
(AFPs). When vapors bind to thin ?lms of the polymers, the 
?uorescence of the ?lms decreases. A single molecular 
binding event quenches the ?uorescence of many polymer 
repeat units, resulting in an ampli?cation of the quenching. 
Analyte binding to the ?lms is reversible, so the ?lms can be 
reused. 

FIG. 2 is a styliZed representation of a chemoselective 
polymer coated SAW sensor designed for the measurement 
of exhaled breath vapor. 

FIG. 3 is a chromatogram for xylene With VaporLabTM 
With preconcentrator. Note that the “signature” has both 
amplitude and temporal resolution. 

In the present invention, vapor concentration measure 
ments (analytes) are made by detecting the adsorption of 
molecules onto the surface of a SAW sensor coated With a 
polymer thin ?lm to provide selectivity and sensitivity to 
different analytes. The SAW is inserted as an active feedback 
element in an oscillator circuit. A frequency counter mea 
sures the oscillation frequency, Which corresponds to the 
resonant frequency of the SAW sensor. The response of the 
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SAW sensor to the analyte is measured as a shift in the 
resonant frequency of the SAW sensor. This con?guration 
requires an oscillator circuit, the coated SAW sensor, and a 
frequency counter, all of Which may be housed on a small 
printed circuit board. 

FIG. 4 shoWs an example of a device for detecting a target 
substance(s) (tobacco smoke) in expired breath having the 
folloWing components: (a) a surface-acoustic Wave sensor 
20 capable of detecting the presence of the target 
substance(s) in expired breath, Wherein the sensor responds 
to the target substance(s) by a shift in the resonant fre 
quency; (b) an oscillator circuit 22 having the sensor as an 
active feedback element; (c) a frequency counter 24 in 
communication With the oscillator circuit to measure oscil 
lation frequency Which corresponds to resonant frequency of 
the sensor; and (d) a processor 26 for comparing the oscil 
lation frequency With a previously measured oscillation 
frequency of the target substance(s) and determining pres 
ence and concentration of the target substance(s) therefrom. 
The sensor can include measuring circuitry (not shoWn) and 
an output device (not shoWn) can also be included (e.g., 
screen display, audible output, printer). 
The processor can include a neural netWork (not shoWn) 

for pattern recognition. Arti?cial Neural Networks ANNs 
are self learning; the more data presented, the more dis 
criminating the instrument becomes. By running many stan 
dard samples and storing results in computer memory, the 
application of ANN enables the device to “understand” the 
signi?cance of the sensor array outputs better and to use this 
information for future analysis. “Leaming” is achieved by 
varying the emphasis, or Weight, that is placed on the output 
of one sensor versus another. The learning process is based 
on the mathematical, or “Euclidean,” distance betWeen data 
sets. Large Euclidean distances represent signi?cant differ 
ences in sample-to-sample aroma characteristics. 

In an alternate embodiment, FIG. 5 shoWs an example of 
a device for detecting a target substance(s) (tobacco smoke) 
in expired breath having the folloWing components: (a) a 
sensor 30 having an array of polymers 32ai32n capable of 
detecting the presence of the target substance(s) in expired 
breath, Wherein the sensor responds to the target 
substance(s) by changing the resistance in each polymer 
resulting in a pattern change in the sensor array; (b) a 
processor 34 for receiving the change in resistance, com 
paring the change in resistance With a previously measured 
change in resistance, and identifying the presence of the 
target substance(s) from the pattern change and the concen 
tration of the substance(s) from the amplitude. The processor 
can include a neural netWork 40 for comparing the change 
in resistance With a previously measured change in resis 
tance to ?nd a best match (pattern recognition). The sensor 
can include measuring circuitry 36 and an output device 38 
can also be included (e.g., screen display, audible output, 
printer). 

The present invention Will determine if a subject has been 
exposed to vapors by monitoring and analyZing his exhaled 
breath With the electronic nose. In a preferred embodiment, 
the device of the present invention is designed so that 
subjects can exhale via the mouth or nose directly into the 
device. 

Another preferred electronic nose technology of the 
present invention comprises an array of polymers, (e.g., 32 
different polymers), each exposed to a compound. Each of 
the 32 individual polymers sWells differently to the com 
pound creating a change in the resistance of that membrane 
and generating an analog voltage in response to that speci?c 
compound (“signature”). The normaliZed change in resis 
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tance is then transmitted to a processor to identify the type, 
quantity, and quality of the compound based on the pattern 
change in the sensor array. The unique response results in a 
distinct electrical ?ngerprint that is used to characteriZe the 
vapors. The pattern of the array resistance changes is diag 
nostic of the sample, While the amplitude of the pattern 
indicates the concentration of the sample. 
The responses of the electronic nose to speci?c vapors 

fully characteriZed using a combination of conventional gas 
sensor characterization techniques. For example, the sensor 
can be attached to a computer. Marker analysis results can 
be displayed on the computer screen, stored and/or trans 
mitted. The data analyZer compares the pattern of response 
to previously measured and characteriZed responses from 
knoWn vapors (signatures). Matching the signatures can be 
performed using a number of techniques, including neural 
netWorks. By comparing the analog output from each of the 
32 polymers to a “blank” or control, for example, a neural 
netWork can establish a pattern Which is unique to that 
substance and subsequently learns to recogniZe that sub 
stance. The particular resistor geometries are selected to 
optimiZe the desired response to the particular vapors being 
sensed. The electronic nose of the present invention is 
preferably a self-calibrating polymer system suitable for 
liquid or gas phase biological solutions for a variety of 
vapors simultaneously. 

The electronic nose of the present invention might include 
integrated circuits (chips) manufactured in a modi?ed 
vacuum chamber for Pulsed Laser Deposition of polymer 
coatings. It Will operate the simultaneous thin-?lm deposi 
tion Wave detection and obtain optimum conditions for high 
sensitivity of SAW sensors. The morphology and micro 
structure of biosensor coatings Will be characterized as a 
function of process parameters. 
The electronic nose used in the present invention prefer 

ably includes a mouthpiece or nosepiece so that patients can 
exhale directly into the device. The mouthpiece or nosepiece 
provides for interfacing a patient With the device to readily 
transmit the exhaled breath to the sensor (See, e. g., US. Pat. 
No. 5,042,501). The output from the neural netWork of the 
modi?ed electronic nose should be similar When the same 
patient exhales directly into the device and When the exhaled 
gases are alloWed to dry before they are sampled by the 
electronic nose. 

The humidity in the exhaled gases represents a problem 
for certain electronic nose devices, other than SAW sensors, 
Which only Work With “dry” gases. When using such humid 
ity sensitive devices, the present invention adapts the elec 
tronic nose technology so that a patient can exhale directly 
into the device by utiliZing a means to dehumidify the 
samples. This is accomplished by including a commercial 
dehumidi?er or a heat moisture exchanger (HME), a device 
designed to prevent desiccation of the airWay during venti 
lation With dry gases. Alternatively, the patient may exhale 
through their nose Which is an anatomical, physiological 
dehumidi?er that prevent dehydration during normal respi 
ration. 
The preferred embodiment of the invention detects the 

presence of vapors almost immediately in the exhaled breath 
of the person (or requesting the person to deliberately 
produce a burp) using the electronic nose. The electronic 
nose determines their presence as Well as their concentra 
tion. The electronic noses not only detect different com 
pounds but also compound concentrations. 

Preferably, in operation in conjunction With a smoking 
monitoring program, the electronic nose is used to identify 
a baseline spectrum for the patient. This proves bene?cial 
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for the detection of more than one vapor and possible 
interference from different foods and odors in the stomach, 
mouth, esophagus and lungs. The electronic nose can record 
and/ or transmit the data sensed from the patient’s breath for 
monitoring purposes. 
A pressure sensor can also be incorporated into the 

detector to ensure that the patient is actually exhaling into 
the device. FloW restrictors can also be incorporated to 
increase the resistance to exhalation. The simple addition of 
a pressure transducer to the system, alloWs a pressure change 
from baseline to be measured during exhalation. Further 
more, a number of detectors are available (i.e., end-tidal 
carbon dioxide monitors) that can be added to the device. 

The electronic nose and/or computer communicating 
thereWith can also notify the medical staff and/or the patient 
to any irregularities in dosing, dangerous drug interactions, 
and the like. 

REMOTE COMMUNICATION SYSTEM 

A further embodiment of the invention includes a com 
munications device in the home (or other remote location) 
that can be interfaced to the electronic nose. The home 
communications device is able to transmit, immediately or 
at prescribed intervals, directly or over a standard telephone 
line (or other communication means) the data collected by 
the device. The communication of the data alloWs the 
physician the ability to remotely verify the results. The data 
transmitted from the home can also be doWnloaded to a 
computer and stored in a database, and any problems can be 
automatically ?agged (e.g., alarm). Such as system can 
include features from the system disclosed in US. Pat. No. 
6,074,345, incorporated herein by reference. Speci?cally, 
for example, a pediatric patient With asthma could be sent 
home With the device and data could be sent at periodic 
intervals to a healthcare provider. 

Following are examples illustratrating procedures for 
practicing the invention. These examples should be con 
strued to include obvious variations and not limiting. 

EXAMPLE 1 

Sensor Design for ETS Testing 
Puri?ed extracts of ETS components (i.e., benZene, form 

aldehyde, nicotine, cotinine, carbon monoxide and cynide 
derivatives) are tested on a Microsensor VaporLab(tm) sys 
tem Which has been optimiZed for the analytes to be 
detected. Samples are diluted using a “copper kettle” vapor 
iZer and calibrated gas ?oW meters, using air as the diluting 
gas. This alloWs for calibration curves for each substance to 
be determined. Using SAW sensors to determine the pres 
ence and/or concentration of a particular compound or 
analyte in a gas sample currently remains an innovative 
method (i.e., not a standard methodology). In order to ensure 
the accuracy and integrity of the sensor measurements, the 
sensor is calibrated both qualitatively and quantitatively 
With accepted protocol. A headspace autosampler for gas 
chromatography (GC), in conjunction With a gas mixer, is 
used to correlate the GC and sensor array responses to 
different concentrations of the gas samples. 

Samples are diluted With an aqueous solution containing 
an appropriate internal standard and placed into a sealed vial 
suitable for headspace analysis. The samples along With 
appropriate standards are incubated at an elevated tempera 
ture alloWing volatiles to diffuse out of the liquid layer 
(sample phase) as vapors. These vapors enter into the 
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“headspace” (gas phase) of the sealed vial. Under constant 
conditions of temperature, pressure and equilibration time, 
the vapor phase in each of these vials is sequentially sampled 
and separated on a suitable gas chromatographic capillary 
column. Volatile components are detected using a ?ame 
ioniZation detector or nitrogen phosphorous detector. There 
after, the mixed samples of various analytes found in 
exhaled ETS, if present, are analyZed. 

Different brands of cigarettes are purchased and stored in 
a —20 C freeZer until use. Testing is performed on vapors that 
pass through an Anderson Cascade Impactor (ACI) under 
laboratory assay conditions maintained at 22.20 C. and 60% 
relative humidity. Cigarettes are “smoked” according to the 
Federal Trade Commission standard regimen (puff duration, 
2s; interpulf interval, 1 min; pulf volume, 35 mL) (Ogg, 
1964). Immediately after the cigarette is smoked, ?lter pads 
(Which capture the smoke particulate fraction) on the 8 
stages of the ACI are removed. Each ?lter pad (stained side 
facing up) is placed in a clean petri dish and l0-mL of 50:50 
methanolzhexane solution is added for 1 hour at ambient 
temperatureto extract. After extraction, the samples are 
analyZed by automated headspace gas chromatograph and 
ETS particulate pro?les compared against online ETS vapor 
chromatograms. ETS byproducts are then identi?ed and 
quantitated by comparison With standards of knoWn purity. 
This example, hoWever, is not limited to tobacco smoke as 
other types of smoke exposure may be tested. For example, 
health monitoring for ?re?ghters, insinerator operators, and 
other employees potentially exposed to smoke. 

EXAMPLE 2 

Diagnostic Software Development 
Diagnostic softWare can identify compounds, and in the 

case of the detection of tobacco smoke, a library of signa 
tures is recorded to compare With the signatures obtained 
from the sensor system. Such software includes complex 
signal processing/neural netWorks. The system distinguishes 
analytes from the many interferents that are normally found 
in exhaled breath. Once the signatures of analytes is knoWn, 
samples of exhaled breath are taken at various times during 
the day and on multiple days. These samples are analyZed 
for interferents and then knoWn concentrations of analytes 
are added to exhaled breath samples to evaluate the ability 
of the system to detect the tobacco analytes in the presence 
of confounding interferents. 

Multiple sensors address the broad response of the sens 
ing technology and guarantee selectivity (statistical detec 
tion). Statistical pattern recognition divides the full mea 
surement space into a set of regions that are assigned to each 
class. On the other hand, detection theory recogniZes that 
only part of the measurement space is knoWn, and proposes 
methods to discriminate among knoWn classes and further 
betWeen the knoWn classes and the background. 

In order to address the sensing of chemicals from the 
environment, a tWo stage processing system is used: First, a 
segmentation stage Where the system essentially asks, is 
there a neW chemical? folloWed by a pattern recognition 
stage Where the system essentially asks given that there is a 
neW chemical, Which is it? This is the Way statistical 
detection theory suggests dealing With uncertainty. 

Similar concepts are used for chemical sensing. One 
difference is that in chemical sensing there Will be a time 
series instead of an image. To clarify, the local CFAR 
(Constant False Alarm Rate) properties are translated in the 
statistical local variations of the time series, Which can be 
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measured by What is referred to as the Generalized Likeli 
hood Ratio Test (GLRT). The GLRT is extended With neural 
networks to produce a ?ne segmentation algorithm called 
competitive mixture of experts. This is the methodology 
applied to chemical sensing. Basically, the system segments 
the incoming signal in regions that change statistically from 
the previous ones. Thus, if the chemical composition in the 
air does not change the system, it is “called” the background 
activity. Once there is a statistical change from the previous 
segment, then the algorithm Will segment the nonstationary 
portion of the time series and presents it to a classi?er that 
identi?es it as a suspect vapor (or unknown). This second 
stage is also based on a neural netWork classi?er. There are 
several to choose from. Aneural topology Which implements 
local decision regions in pattern space is preferable to global 
discriminants. The neW support vector machine (SVM) 
classi?er is preferably applied. As an alternative, a method 
ology developed in the University of Florida Computational 
NeuroEngineering Laboratory (CNEL) that ?nds informa 
tion relevant features from the data before classi?cation can 
be used. This method has been also been shoWn to be very 
sensitive and speci?c in real World classi?cation problems. 
Once the optimal polymers are determined, thin, homoge 
neously coated SAW sensors are produced using PLASF. 
This improved polymer deposition technique should opti 
miZe the SAW responses to the analytes. 

Samples of exhaled breath are collected in non-porous 
vessels (likely glass) from smoker and non-smokers at 
speci?c intervals. In the case of the smokers, the intervals 
Will be from the time of the last cigarette in order to evaluate 
the time course of the Wash-out of speci?c tobacco smoke 
components. The collected samples are analyzed as 
described above. The composition of exhaled tobacco 
smoke and the rates of disappearance of various components 
from the breath are temporally analyZed. This technology is 
used to determine the time course of various components 
“excretion” With diagnostic potential for evaluating the 
damage to the lungs and respiratory system based on the 
duration that various components exist in the exhaled breath. 
This also has value in forensic pathology as a marker of the 
time of death. 

For example, the time period since death of a human 
cadaver exposed to tobacco smoke prior to death is deter 
mined by: (a) removing a sample of air from the lungs and/or 
airWay of the cadaver; (b) testing the sample by sensor 
technology for the presence and concentration of compo 
nents indicative of smoke vapors; (c) correlating the con 
centration With a previously determined rate of excretion for 
such components Which is indicative of the time since last 
exposure to tobacco smoke; and (d) determining the time 
period since death based on the time since last exposure to 
tobacco smoke. The sensor technology is preferably one of 
semiconductor gas sensor technology; conductive polymer 
gas sensor technology; or surface acoustic Wave gas sensor 
technology. 

Inasmuch as the preceding disclosure presents the best 
mode devised by the inventor for practicing the invention 
and is intended to enable one skilled in the pertinent art to 
carry it out, it is apparent that methods incorporating modi 
?cations and variations Will be obvious to those skilled in the 
art. As such, it should not be construed to be limited thereby 
but should include such aforementioned obvious variations 
and be limited only by the spirit and scope of the folloWing 
claims. 
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We claim: 
1. A method of determining smoke exposure, comprising: 
obtaining a sample of exhaled breath; and 
analyZing said sample of breath With sensor technology to 

determine the presence of smoke related components 
thereby determining smoke exposure, Wherein the 
analysis of said sample includes comparing the results 
sensed in said sample With a predetermined signature 
pro?le of a speci?c smoke related component, 

Wherein the predetermined signature pro?le of said spe 
ci?c smoke related component is associated With a 
chemical selected from the group consisting of: acetal 
dehyde, acetic acid, acetone, acrolein, 4-Amniobiphe 
nol, ammonia, anatabine, aniline, benZene, benZ[a] 
anthracene, benZo[a]pryrene, benZoic acid, gamma 
butyrolactone, cadmium, carbonyl sul?de, catechol, 
cotinine, cyanide derivatives, dimethylamine, formal 
dehyde, formic acid, glycolic acid, Harman, hydrazine, 
hydrogen cyanide, hydroquinone, isoprene, methy 
lamine, methyl chloride, 3-methylpyridine 2-naphthy 
lamino, nickel, nicotine, nitrogen oxides, N-Nitrosodi 
ethanolamine, N-Nitrosodiethylamine, 
N-Nitrosodimethylamine, NNK, phenol, polonium 
210, propionaldehyde, pyridine, quinoline, succinic 
acid, toluene, 2-Toluidine, 3-Vinylpyridine, xylene, and 
Zinc. 

2. The method of claim 1 Wherein said sample is analyZed 
to determine the presence of said smoke related components 
by sensor technology selected from the group consisting of: 
semiconductor gas sensor technology; conductive polymer 
gas sensor technology; aptamer sensor technology; and 
amplifying ?uorescent polymer (AFP) sensor technology. 

3. The method of claim 1 Wherein said sample is analyZed 
to determine the presence of said smoke related components 
by at least one surface acoustic Wave gas sensor produced by 
technology selected from the group consisting of pulsed 
laser deposition, matrix assisted pulsed laser evaporation, 
and pulsed laser assisted surface functionaliZation. 

4. The method of claim 1 Wherein the sensor technology 
produces a unique electronic ?ngerprint to characteriZe the 
smoke exposure such that the presence and concentration of 
the smoke related components is determined. 

5. The method of claim 1 Wherein said sample is analyZed 
to con?rm the presence of said smoke related components 
by a spectrophotometer. 

6. The method of claim 1 Wherein said sample is analyZed 
to con?rm the presence of said smoke related components 
by a mass spectrometer. 

7. The method of claim 1 further comprising the step of 
recording data resulting from analysis of said sample. 

8. The method of claim 1 further comprising the step of 
communicating data resulting from analysis of said sample 
to a remote system. 

9. The method of claim 1 further comprising the step of 
capturing exhaled breath in a vessel prior to analysis. 

10. The method of claim 1 further comprising the step of 
dehumidifying said sample prior to analysis. 

11. The method of claim 1 Wherein said analysis further 
includes detecting exhalation With a sensor. 

12. The method of claim 11 Wherein said sensor is a 
pressure sensor. 

13. The method of claim 1 Wherein analysis further 
includes restricting the How of exhaled breath With an air 
?oW restrictor. 

14. The method of claim 1 Wherein the analysis is 
performed for medical treatment purposes. 
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15. The method of claim 1 wherein the analysis is 
performed for research purposes. 

16. A method of determining smoke exposure, compris 
mg: 

obtaining a sample of exhaled breath; 
analyzing said sample of breath With sensor technology to 

determine the presence of smoke related components 
thereby determining smoke exposure, Wherein said 
sample is analyZed to determine the presence of said 
smoke related components by sensor technology 
selected from the group consisting of: semiconductor 
gas sensor technology; conductive polymer gas sensor 
technology; aptamer sensor technology; and amplify 
ing ?uorescent polymer (AFP) sensor technology; and 

using an oscillator circuit having said sensor technology 
as an active feedback element. 

17. A method of determining smoke exposure, compris 
mg: 

obtaining a sample of exhaled breath; 
analyZing said sample of breath With sensor technology to 

determine the presence of smoke related components 
thereby determining smoke exposure, Wherein said 
sample is analyZed to determine the presence of said 
smoke related components by sensor technology 
selected from the group consisting of: semiconductor 
gas sensor technology; conductive polymer gas sensor 
technology; aptamer sensor technology; and amplify 
ing ?uorescent polymer (AFP) sensor technology; 

using an oscillator circuit having said sensor technology 
as an active feedback element; and 

using a frequency counter in communication With said 
oscillator circuit to measure oscillation frequency 
Which corresponds to resonant frequency of the sensor. 

18. A method of determining smoke exposure, compris 
mg: 

obtaining a sample of exhaled breath; 
analyZing said sample of breath With sensor technology to 

determine the presence of smoke related components 
thereby determining smoke exposure; and 

analyZing data resulting from analysis of said sample With 
a neural netWork classi?er. 

19. A method of determining smoke exposure, compris 
mg: 

obtaining a sample of exhaled breath; and 
analyZing said sample of breath With sensor technology to 

determine the presence of smoke related components 
thereby determining smoke exposure; 

Wherein the analysis of said sample includes comparing 
the results sensed in said sample against a predeter 
mined signature library of interferents. 

20. A method of determining smoke exposure, compris 
mg: 

obtaining a sample of exhaled breath; and 
analyZing said sample of breath With sensor technology to 

determine the presence of smoke related components 
thereby determining smoke exposure; 

Wherein the analysis of said sample includes comparing 
the results sensed in said sample With a predetermined 
signature pro?le of a class of smoke related compo 
nents. 

21. A method of determining smoke exposure by analyZ 
ing exhaled breath for the presence of smoke related com 
ponents, comprising: 

obtaining a sample of exhaled breath from a subject Who 
has possibly been exposed to smoke; and 

subsequently analyZing said sample using gas sensor 
technology; 
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comparing the results of the analysis against a library of 
knoWn smoke related components and interferents; and 

identifying and con ?rming the presence or absence of 
smoke related components in said subject. 

22. A method of determining subject compliance, com 
prising: 

obtaining a sample of exhaled breath from said subject; 
subsequently analyZing said breath sample; 
comparing the results of the analysis against a library of 
knoWn smoke related components and interferents; and 

con?rming the presence or absence of any smoke related 
components indicating smoke exposure. 

23. The method of claim 22 further comprising the step of 
identifying a baseline smoke exposure spectrum for said 
subject prior to exposure to said smoke related components. 

24. A method of determining the time course of excretion 
of at least one smoke related component in expired breath 
comprising: 

obtaining a sample of expired breath at a ?rst interval; 
analyZing said sample With sensor technology to deter 

mine the concentration of said component; 
obtaining at least one additional sample of expired breath 

at a later interval; 
analyZing said additional sample With sensor technology 

to determine the concentration of said component; and 
comparing the concentration of the ?rst sample With the 

concentration of additional samples to determine the 
time course of excretion of at least one smoke related 
component in expired breath. 

25. The method of claim 24 further comprising evaluating 
damage to lungs based on the time course. 

26. An apparatus for rapidly determining smoke exposure 
by analyZing exhaled breath for smoke related components, 
comprising: 

(a) means for receiving exhaled breath from a subject; 
(b) means for determining the presence of smoke related 

components in said breath; 
(c) means for reporting results; and 
(d) a stored library or speci?c smoke related components 

for comparison, Wherein said speci?c smoke related 
components include at least one of the substances from 
the group consisting of: acetaldehyde, acetic acid, 
acetone, acrolein, 4-Amniobiphenol, ammonia, anatab 
ine, aniline, benZene, benZ[a]anthracene, benZo[a] 
pryrene, benZoic acid, gamma-butyrolactone, cad 
mium, carbonyl sul?de, catechol, cotinine, cyanide 
derivatives, dimethylamine, formaldehyde, formic 
acid, glycolic acid, Harman, hydrazine, hydrogen cya 
nide, hydroquinone, isoprene, methylamine, methyl 
chloride, 3-methylpyridine, 2-naphthylamine, nickel, 
nicotine, nitrogen oxides, N-Nitrosodiethanolamine, 
N-Nitrosodiethylamine, N-Nitrosodimethylamine, 
NNK, phenol, polonium-2l0, propionaldehyde, pyri 
dine, quinoline, succinic acid, toluene, 2-Toluidine, 
3-Vinylpyridine, xylene, and Zinc. 

27. The apparatus of claim 26 further comprising a 
mouthpiece in communication With the means for receiving 
exhaled breath. 

28. The apparatus of claim 26 further comprising an air 
?oW restrictor in communication With the means for receiv 
ing exhaled breath. 

29. The apparatus of claim 26 further comprising an air 
?oW sensor in communication With the means for receiving 
exhaled breath. 

30. The apparatus of claim 29 Wherein said air ?oW sensor 
is a pressure sensor. 
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31. The apparatus of claim 26 wherein the means for 
determining the presence of smoke related components in 
said breath comprises a sensor having a surface exposed to 
said breath and a material selectively absorptive of a group 
of chemical substances of Which smoke related components 
are members. 

32. The apparatus of claim 31 Wherein said sensor com 
prises a gas sensor. 

33. The apparatus of claim 32 Wherein said gas sensor is 
selected from the group consisting of semiconductor gas 
sensor technology; conductive polymer gas sensor technol 
ogy; aptamer sensor technology; and amplifying ?uorescent 
polymer (APP) sensor technology. 

34. The apparatus of claim 26 comprising an analysis 
means, coupled to the sensor, for producing an electrical 
signal indicative of the presence of said smoke related 
components. 

35. The apparatus of claim 34 further comprising a stored 
library of interferents for comparison. 
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36. The apparatus of claim 34 further comprising a stored 20 
library of classes of smoke related components for compari 
son. 

37. The apparatus of claim 26, Wherein the analysis means 
are further operative to determine the approximate concen 
tration of said smoke related components. 
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38. The apparatus of claim 26 further comprising a neural 

netWork classi?er. 

39. The apparatus of claim 26 further comprising means 
for remotely communicating the results. 

40. The apparatus of claim 26 further comprising means 
for storing the results. 

41. A device for detecting at least one target substance in 
expired breath indicative of smoke exposure comprising: 

a surface-acoustic Wave sensor capable of detecting the 
presence of said target substance in expired breath, 
Wherein said sensor responds to the target substance by 
a shift in the resonant frequency; 

an oscillator circuit having said sensor as an active 

feedback element; and 
a frequency counter in communication With said oscillator 

circuit to measure oscillation frequency Which corre 
sponds to resonant frequency of the sensor; 

a processor for comparing the oscillation frequency With 
a previously measured oscillation frequency of the 
target substance and determining presence and concen 
tration of the target substance therefrom. 




